design rules can be found in (Packer et al. 2009) . 45 This paper focuses on right-angle X-joints between equal-width 46 RHS truss members (Fig. 1 ). For these types of joints, sidewall 47 buckling of the chord member is the critical failure mode in 48 compression. 49 In the current CIDECT design rules, sidewall buckling is ac-50 counted for by isolating a vertical strip in the chord sidewall 51 and designing it as a column (Packer 1984) . While defendable 52 because of its simplicity, this approach obviously ignores the two-53 dimensional character of the sidewall buckling as a plate. over, it has been known for some time that the current CIDECT 55 design rules for chord sidewall failure are quite conservative, and 56 more so as the chord wall slenderness h 0 =t 0 increases (Becque and 57 Wilkinson 2011). This paper follows the established CIDECT 58 nomenclature, where h 0 and h 1 are the chord height and the brace 59 height, respectively; b 0 and b 1 represent the chord width and the 60 brace width, respectively; and t 0 and t 1 refer to the thicknesses of 61 the chord wall and the brace wall, respectively (Fig. 2) . 62 The aim of this paper is to present an alternative design equation 63 for chord sidewall buckling, equally simple in its application, but 64 founded on a rational plate buckling model and verified against 65 experimental data. 66 In previous research, Brodka and Szlendak (1980) carried out 67 over 400 tests on RHS X-joints. However, these RHS were fabri- is rather different from the way RHS are currently produced, no 73 further consideration was given to the experimental data in this 74 paper. Brodka and Szlendak (1980) also presented an equation 75 based on the chord slenderness (h 0 =t 0 ), which formed a lower 76 bound to the experimental results. Wardenier (1980 Wardenier ( , 1982 for a more accurate determination of the initial elastic modulus.
200
The yield stress f y (defined as the 0.2% proof stress) and the 201 tensile strength f u obtained for each chord size are listed in Table 1 . to measure the sidewall displacements (Fig. 5 ).
224

Test Results
225
Sidewall buckling was observed in all specimens X1-X5 (Fig. 6 ). Tables 1   284   and 2 (Becque and Wilkinson 2011, 2015) . 285 The model was based on the measured dimensions, geometric 286 imperfections, and weld sizes, which can be found in Table 1 wall buckling was expected to occur (Fig. 12) .
316
The influences of the mesh size; the element type (i.e., linear 317 versus quadratic elements); and the analysis solver were investi-318 gated in a sensitivity study using test X7. A total of 10 models were 319 run, covering mesh sizes ranging from 2 to 15 mm (in the most 320 refined region), 8-node as well as 20-node hexahedral elements, 321 and general static versus Riks analyses. The peak load P ult , the 322 axial shortening d at the peak load P ult , and the initial stiffness K i 323 obtained from the models are compared in Table 3 and Fig. 13 . extends to infinity on both sides (Fig. 17) . The plate was thereby 369 assumed to be made of a linear elastic and homogeneous material.
370
The loads and boundary conditions were idealized as follows: brace width h 1 . The total load P carried by the connection 374 (comprising two sidewalls) is then given by 
The elastic strain energy U contained in the deformed shape of 417 the plate is given by [e.g., (Timoshenko and Gere 1961) ] 
423 and eventually leads to
On the other hand, the potential energy of the applied stresses is 425 given by 426 or, after substituting Eq. (3) into Eq. (11),
427
The remaining integral in Eq. (12) does not have a closed-form 428 solution and can only be expressed as a series
Only the first term in the series is retained, so that
Neglecting the higher order terms is acceptable, provided that
It will be shown at a later stage (once an expression for B has 432 been determined) that this is indeed a reasonable assumption.
433
The derivatives of the total energy U þ V with respect to B and
434
Δ are set equal to zero The critical buckling load of the connection is then given by
The condition in Eq. (15) Using Eqs. (5) and (18), the length of the buckle is estimated 446 to be
447 Proposed Design Method 448 Table 5 summarizes, for each specimen, the elastic critical buckling 449 load P cr obtained using Eq. (21), the experimental and numerical 450 buckling loads P b;test and P b;FEA , and the yield load P y , which is 451 taken as Based on Eqs. (21) and (25), a nondimensional slenderness can 460 be defined as
In Fig. 18 cal buckling load is also shown in the dashed line) The model also assumes a perfectly flat plate, while the real chord 481 wall inevitably contains imperfections. It seems that all these buckling stress of the chord sidewall is obtained: 507 or, with E ¼ 210 GPa and ν ¼ 0.3,
The tangent modulus E t can thereby be obtained from a 509
Ramberg-Osgood representation of the material stress-strain curve 526 where P y and λ are determined by Eqs. (25) and (26), respectively.
527
The value of the imperfection factor α is taken as 0.08, as it pro-528 vides a conservative fit of the design curve to the data (Fig. 20) . buckling (Packer et al. 2009; Wardenier 1982) . This is accounted 538 for by the factor of 0.8 in the CIDECT equation for the buckling 539 stress f k (Packer et al. 2009 ). Also, the CIDECT rules impose an 540 extra reduction factor of 0.9 on the capacity of C450 connections 541 (applicable to X6-X9) (Packer et al. 2009 ). In order to allow an 542 objective comparison, the CIDECT predicted design resistances In the Eurocode, the partial safety factor γ M is defined by Eurocode based on the number of tests n available to verify the 579 design equation against and, in this case, amounted to k d;9 ¼ 3.25.
580
The correction factor b is determined by the slope of the least-581 squares regression line in the P b;FEA versus P pred diagram these standard deviations are obtained as term in each basic variable X i . V rt is then determined by
where σ i indicates the standard deviation of the basic variable X i .
598
The numerical values of σ i were obtained from (Packer et al. 2009) 599 and are shown in and Q δ respectively, calculated as
The reliability calculations are presented in Table 7 , where the and is given by 
